
Semiannual Status Report 

for Period December 15, 1966, t o  June 15, 1967 

00-NGR-05-010-008 1 

I. Work accomplished under NASA Grant 05c-010-008. 

1. Certain modificatbns, principally notational, were made t o  the 

paper "Reflection Laws of Systems of Second Order El l ig t ic  Differential 

Equations i n  Two Independent Variables with Constant Coefficients". 

Copies of the revised version are enclosed. 

publication i n  the Pacific Journal of Mathematics. 

This paper was accepted f o r  

2. Copies of a translation from Russian or" the paper "Integrating the 

Equations fo r  Spherical Shells" by I. N. Vekua are  a l so  enclosed. 

work w a s  done by one of the research assistants on t h i s  contract. 

This 

3. As mentioned in  the semiannual s t a t u s  report i n  December, 1966, 

we have been working with the Culler-Fried on-line computer t o  t r y  t o  

determine ways of numerically solving non-linear singular integral  equations 

of the form investigaked i n  111, namely, equations of the form: 

where z belongs t o  the  enclosed smooth contour r, the Cauchy principal 

value is meant by the integral ,  C(w) 

B, F and N are  complex-valued functions defined fo r  z on r and w 

is i n  some closed convex se t .  We were l e d  t o  an equation of t h i s  form 

when w e  were trying t o  determine the deformation of an e las t ic  c i rcular  

cvlinder in a t w o  dimensional ideal f lu id  flow. 

is a bounded functional, 

In t h i s  case the equation 
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%s ~f the  form: 

where g(o) measures deformation, 

1+K p 
N[cY,~’ (cJ ) ]  = - - 

and where K, LI are  e l a s t i c  constants, P = density of the fluid,  

8 = pressure of f lu id  and U is  the velocity of t he  f l u i d  a t  inf ini ty .  

In  111, it was shown t h a t  we get a solution provided U2 is suff ic ient ly  

small. 

have 

problem? 

existence and uniqueness? 

is  it then possible t o  improve the praof o r  perhaps t o  invent another 

proof valid f o r  larger Ixl? 

An immediate question which arose was: is the  necessity t o  

lhl small  a res t r ic t ion  on the range of va l id i ty  of the physical 

o r  is  it simply a necessity for  the mathematical proof of 

If the second question is the one t o  be asked, 

The hydroelastic integral  equation was put on the  Culler-Fried 

on-line computer and observations indicated that 

to  get a solution. 

of 

U2 need not be small 

This led me t o  conjecture tha t  perhaps the smallness 

1x1 was simply a mathematical a r t i f i c e  necessary fo r  the general 



c 
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proof of existence and uniqueness. 

I have been able t o  show that the solution can be continued as a function 

02 h into the plane beyond the original region of va l id i ty  given by 

the theorem in [I]. 

resul t  w i l l  answer a l l  of the  above questions. 

Working i n  t h i s  direction, I think 

I am writing these resul ts  down at  present. This 

4. A graduate student and I have also begun work on set t ing up the 

problem for  the determination of the distortion of a t h i n  e l a s t i c  

spherical shell (e.g., a b o o n )  i n  an electrostat ic  f i e l d  due t o  the  

pressure of the f i e l d  on the balloon. 

11. Work i n  promess. 

1. By observing the numerical results (mentioned i n  3 above) 

graphically on the oscilloscope, it seems that convergence caa be much 

improved by averaging i terations.  I have done some preliminary work on 

determining when such i t e ra t ion  averaging is advantageous and I intend t o  

pursue this. 

tixe cari 3e saved “in cdculations. 

If this can be worked out it w i l l  mean that much computer 

2. Continuation of work mentioned i n  I. 3.,  viz. working out 

careful ly  the solution continuation as a function of A. 

3 .  ContAnuation of work mentioned i n  I. 4. 

111. Work t o  be done. 

1. I wish t o  consider problems of reflection f o r  high order 

e l l i p t i c  different ia l  equations i n  more than  two dimensions and reflection 

problems for  systems of e l l i p t i c  equations i n  more than two independent 

variables. I have an approach t o  t h i s  question, viz. that of expressing 
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the solution i n  terms of matrix Bessel and matrix Neumann functions. 

2. I wish t o  consider questions of reflection for systems of e l l i p t i c  

equations i n  two independent variables in which the  characterist ics a re  

not necessarily the  same. 

3. 

and [ 41 

semiannual report)  with the  ideas of J. Leray given i n  [2], and t r y  t o  

derive Green's functions for  different ia l  equations of the type t reated 

i n  [31 and [43. 

I wish t o  t r y  t o  combine my resu l t s  given i n  the papers [33 

(which were done under t h i s  grant and sent i n  with the last 

4. I wish t o  investigate w h a t  reflection across surfaces other than 

the  plane or  sphere might mean. A s  a start, I shall consider developable 

surfaces. 

Finnlls, R., and Sloss, J.M., Existence and Uniqueness Theorems 
Tor 2 C l a s s  of Non-linear S i n g u l a r  Integral  -tiom with 
Applications t o  a Hydroelastic Problem, 

NO. 6, WC. 1966, pp. 509-534. 
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Sloss, J.M., Reflection laws of systems of second order e l l i p t i c  

d i f fe ren t ia l  equations i n  two independent variables with constant 
coefficients, accepted Tor publication i n  Pac. Journal of Math. 

, Reflection laws of high order e l l i p t i c  d i f fe ren t ia l  
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